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underwent health examination. The primers and probes for PCR are specific for the 5′-nontranslated region of the H. pylori genome.
Following collection, specimens were subjected to DNA extraction on the day of collection or stored at 4°C for nucleic acid extraction on the next day. For H. pylori PCR specimens, nucleic acid extraction was performed using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol, in a QIAcube automated DNA extraction system (Qiagen). H. pylori PCR was performed using 40 µL of eluate that passed through the QIAamp spin column (Qiagen).
The extracted DNA was stored at −80°C until use for a dual priming oligonucleotide-based multiplex PCR using the Seeplex ® H. pylori-ClaR ACE Detection kit (Seegene, Seoul, Korea) based on the highly conserved 5′ noncoding region of the H. pylori genome, according to the manufacturer's protocol. A diagnostic kit that can detect H. pylori and mutations at A2142 and A2143, known mutations associated with antibiotic resistance, was used in the PCR (Seegene, Seoul, Korea).
Data are presented as the median and range. The Chi-square test was used to analyse the categorical data. P < 0.05 was considered statistically significant.
results
The present study involved a total of 5440 samples from 3562 men (65.5%) and 1878 women (34.5%), which were submitted for RUT from November 2011 to November 2015. A total of 2351 samples (1533 men and 818 women) were RUT-positive with a detection rate of 43.2% (43.0% and 43.6% for men and women, respectively) [ Table 1 ]. The samples were also analysed by age of the patients [ Table 2 ]; the mean age of the subjects was 55.5 years, and the number of subjects in their 50s was the highest with 1478 subjects, followed by 1196 subjects in their 60s and 1012 subjects in their 40s. The mean age of RUT-positive patients was 53.1 years, and the detection rate in those in their thirties was the highest at 54.9%, followed by 54.2% and 50.8% in those in their 20s and 40s, respectively [ Figure 1 ]. When both sex and age were factored in, the detection rate was the highest in men in their 30s with 39.1% and women in their 20s with 19.8%.
From the 5440 samples submitted for RUT, 469 (413 RUT-positive and 56 RUT-negative samples) were randomly selected and tested by PCR. The PCR results showed that 418 of 469 samples (89.1%) were positive for H. pylori. Among the positive samples confirmed by PCR, 108 (25.8%) samples had the A2142G and/or A2143G point mutations associated with antibiotic resistance in H. pylori, consisting of 16 (3.8%) samples with an A2142G mutation, 94 (22.5%) samples with an A2143G mutation and 2 (0.5%) samples with both A2142G and A2143G mutations [ Table 3 and Figure 2 ].
Finally, the correlation between the RUT and PCR results was analysed [ Table 3 ]. Out of the 469 randomly selected samples, 450 had a consistent result for the two tests, with a concordance rate of 95.9%. However, 19 samples showed contradicting results for the two tests; these samples consisted of seven samples with RUT-positive and PCR-negative results, and 12 samples with PCR-positive and RUT-negative results. Comparing the results of the RUT and PCR, the positive detection rate was 88.1% and 89.1% by RUT and PCR, respectively.
dIscussIon
A triple therapy of a proton pump inhibitor in combination with two antibiotics (amoxicillin and clarithromycin or metronidazole and clarithromycin), depending on the presence or absence of antibiotic resistance and history of antibiotic use, has been used as the first-line treatment for H. pylori eradication in infected patients. [4] Consequently, an increase in antibiotic-resistant H. pylori strains associated with antibiotic use has been reported. [5] To address the emergence of antibiotic resistance, European guidelines recommend bacterial culturing before the initiation of antibiotic treatment, highlighting the importance of early assessment for antibiotic resistance. [6] South Korea has a high rate of H. pylori infection, and the rate of H. pylori reinfection after eradication is higher than that in Western countries. [7] Chronic gastritis caused by H. pylori infection is a major factor in the development of gastric cancer. [8] In addition, the prevalence of H. pylori infection increases with age, [4] and once infected, H. pylori infection is difficult to resolve naturally. [9] Therefore, this study was aimed to assess the utility of a combination of RUT and PCR testing as a rapid and appropriate diagnostic method for H. pylori to address antibiotic resistance.
The results of RUT conducted between 2011 and 2015 showed that the detection rate of H. pylori was 43.2% in 5,440 samples analysed in this study; this result was in agreement with a previous report that >50% of the world's population is infected with H. pylori. [10] The prevalence of H. pylori infection is higher in developing countries than in developed countries, [11, 12] and transmissions mainly occur through person-to-person contact (e.g., mother to child, spouse to spouse), sanitation facilities or contaminated water and food. [13] Geographical location, ethnicity, age and socioeconomic factors also contribute to H. pylori epidemic. [4] Therefore, appropriate countermeasures against H. pylori infection are needed.
Results of this study showed that among the RUT-positive samples, 1,533 and 818 samples were from men and women, respectively, with a gender ratio of 1.87:1. This finding indicated that men were more likely to be RUT-positive than women although the difference was not statistically significant (P = 0.367). However, when the results were analysed by age, the positive detection rate was the highest in those in their thirties (54.9%). Results of previous studies indicated that the detection rate increases with age; [9, 13, 14] however, the present study showed that the detection rate decreased after the age of thirties. Because these results were based on data obtained from a single hospital in Cheonan area, South Korea, further studies are needed to investigate the association between the detection rate and geographical characteristics or other factors. Mutations in the 23S rRNA gene of H. pylori associated with resistance to clarithromycin were detected in 108 patients by H. pylori PCR. The A2143G point mutation was detected in 94 patients, while the A2142G point mutation was detected in 16 patients and concurrent A2142G/A2143G mutations were detected in two patients. According to the genotype, clarithromycin-resistant H. pylori strains were detected in 23% of the 469 subjects. A recent study reported that the rate of clarithromycin resistance in South Korea has increased to 37%. [15] Although result of this study showed a lower clarithromycin-resistance rate than that reported in a previous study, the result should not be extrapolated because it was solely derived from the genotype and the analysis was performed at a single institution in Cheonan. Because the present study was performed retrospectively, the subject selection was unplanned, and there may be variations in test and experimental procedures. However, the finding that one in five individuals had antibiotic-resistant H. pylori should not be overlooked. Interestingly, A2143G and A2142G mutations were concurrently detected in two patients in the present study.
A previous study postulated that such cases may represent infections with hetero-resistance strains, in which the wild-type and mutant strains may coexist in an individual. [9] A previous study reported that the majority of H. pylori-infected patients were colonised by a mixed population of different H. pylori strains, such as the wild-type and mutant strains or susceptible and resistant strains. [16] Because mixed H. pylori infections with different strains may lower the eradication rate, [9] antibiotics should be used with caution in such cases.
Comparing the conventional RUT and H. pylori PCR results, 450 of 469 samples showed the same result, with a concordance rate of 95.4%. The detection rate was 88.1% and 89.1% by RUT and H. pylori PCR, respectively, suggesting that RUT residual samples can be used for PCR with sufficient sensitivity. In fact, RUT result is dependent on the bacterial load [17] although RUT has a relatively high sensitivity of >95%. [4, 18] RUT can only yield a reliable result if the number of bacteria present is at least 1 × 10 5 copies. [19] Thus, in cases of samples with a low bacterial load, more sensitive test methods are needed to detect H. pylori infection [11] and at least two tests should be performed to increase the reliability of the detection. [20] Therefore, RUT alone is insufficient to detect H. pylori; however, a combination of RUT and H. pylori PCR using RUT residual samples can produce reliable results, in addition to permitting the detection of antibiotic resistance or mixed infections. Results of this study indicated that the combination of the two tests can increase the chance for H. pylori eradication.
conclusIons
H. pylori PCR is a highly useful test method with a high detection rate that is not inferior to RUT. In addition, H. pylori PCR permits the detection of clarithromycin-resistant bacteria. This test method has the advantage of minimising inconvenient invasive procedures and cost associated with follow-up endoscopy for detecting resistant bacteria when antibiotics are ineffective or marginally effective to eradicate H. pylori. Therefore, a combination of RUT and PCR is a valuable diagnostic method. A faster identification for antibiotic resistance at the genetic level than that achieved with the conventional test method described above will enable physicians to determine the most effective antibiotics for individual patient, thereby increasing the treatment success rate through a more rapid administration of such antibiotics, leading to an overall improvement of the patient health. 
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